In a biopurification system such as a biobed, the rhizosphere of the grass layer may be a significant factor for promoting pesticide dissipation in the biomixture. The rhizosphere effect of a Lolium perenne, Festuca arundinacea and Trifolium repens mixture on the dissipation of a pesticide combination that was composed of atrazine, chlorpyrifos and isoproturon was studied. The assay was performed using glass pots divided into two separate compartments (root surface and root-free), each filled with an organic biomixture (oat husk, top soil and peat) and contaminated with the pesticide mixture at 5 mg kg -1 . Non-planted and noncontaminated pots were also used as controls. The results indicated that there were high atrazine, chlorpyrifos and isoproturon dissipation in the planted pots compared with the unplanted pots. An inverse correlation was found throughout the assay between phenoloxidase activity and residual pesticide (r=0.684 to 0.952). Indeed, fungal biomass was positively correlated with phenoloxidase activity on day 1 (r =0.825) and day 30 (r =0.855). Besides, exudation of oxalic and malic acid in contaminated pots was higher than in the control without pesticides, associated with oxidation of the pesticide mixture in the biomixture of a bioded system. Therefore, the grass layer enhances pesticide removal in biobeds.
Introduction
The rhizosphere can be described as the zone of soil around plant roots whereby soil properties are influenced by the presence and activity of the root (Neumann et al., 2009) . Because the rhizosphere continuously provides important sources of nutrients through root exudates, microbiological activity in this zone is up to four-fold greater than in soil further away from plant, resulting in a zone with higher metabolic capacities for microbiological action against both organic matter and contaminants (Haichar et al., 2008) .
A reported mechanism used by rhizosphere microorganisms to take up contaminants by biosurfactant production, which facilitates contaminant degradation, mainly of hydrophobic compounds, and concomitantly increases their availability to plants (Read et al., 2003) . In this context, plant species and soil are reportedly jointly responsible for the structure and function of microbial diversity in the rhizosphere (Berg and Smalla, 2009 ). Plants and their associated rhizosphere microorganisms, therefore, make an important contribution to contaminant degradation in soil (Wang and Oyaizu, 2009) , and their use in onfarm biopurification systems, such as biobeds, can provide huge benefits.
A biobed is a biopurification system used to minimize point source contamination by pesticides. Its main component is an organic biomixture in which the pesticides are degraded, which is composed of straw, soil and peat (2:1:1 vv -1 ) (Castillo et al., 2008) .
Generally, a layer of grass is grown on top of the biobed, which retains moisture in the biomixture and reveals pesticide spillages. However, the rhizosphere of this grass layer and its associated microorganisms could make an important contribution to improving the pesticide degradation in the biopurification system; to date this potential has not been considered in depth in biobed studies. An important step is to identify the plant species that are capable of surviving a particular toxic contamination level in the biobed system.
Plant species with fibrous rooting systems, such as Lolium perenne, Festuca arundinacea and
Agrostis tenuis, have demonstrated great potential for removing contaminants because they provide a large root surface area that interacts with soil microorganisms in biodegradation. Lolium multiflorum can increase atrazine, chlorpyrifos and pentachlorophenol removal (He et al., 2008; Merini et al., 2009; Urrutia et al., 2013a) . Singh et al. (2004) demonstrated that the Pennisetum clandestinum The aim of the present work was to evaluate the effect of the rhizosphere of a biopurification system on the dissipation of a pesticide mixture.
Materials and Methods

Biomixture preparation
The biomixture was prepared according to Urrutia et al. (2013b) 
Experimental design
Glass pots of 18 x 17 x 9 cm (length x width x height)
were used in this experiment. The pots were divided into a root compartment (RC) (6 cm in width) and a root-free compartment (RFC) (3 cm in width) and were separated by nylon mesh (25 µm). The design successfully prevented root hairs from entering adjacent zones and also kept the zones separated while allowing the transfer of microorganisms and root exudates between the compartments. In total, one hundred and forty grams of biomixture were used to fill the pots. The RC contained one hundred and non-contaminated (C-P)) were used as controls.
In total, three replicates were performed for each treatment.
The pots were arranged in a randomized design. 
Enzyme activity analyses
Phenoloxidase activity was assessed using the MBTH/DMAB method (adapted from Castillo et al (1994) . Briefly, samples (10 g DNA extracts were then purified using PVPP columns (3,270 rpm, 4 min, 10 °C) (Petric et al., 2011) .
Real-Time PCR Quantification (Q-PCR) of bacteria and fungi
Total bacteria and fungi abundance in the biomixture was quantified using small ribosomal subunit 16S
and 18Sr RNA genes. For this purpose, the primer sets 341F 5'-CCTACGGGAGGCAGCAG-3',518R by the pesticide addition in the planted pots, the data were compared (contaminated pots (RC+P) and noncontaminated pot (RC-P)) using Student's t-test.
Results and Discussion
Dissipation of ATZ, CHL and ISP
The effect of the rhizosphere on ATZ, CHL and ISP This enzymatic activity can be considered a soil quality indicator, as it indicates changes in organic matter in the soil. Moreover, herbicide presence can decreases β-glucosidase activity, due to that microbial viability is affected (Moreno et al., 2011) . Figure 2b . Phenoloxidase activity has been reported as the most important biological activity for contaminant degradation in soil (Briceño et al., 2007; Diez, 2010) and in the biomixture of the biobed system (Castillo et al., 2008) (Chaudhry et al., 2005) .
A significant correlation was observed between phenoloxidase activity and residual pesticide concentration for all sampling days ( Table 1 ).
The residual concentrations of ATZ, CHL and ISP presented a negative correlation with phenoloxidase activity, with the correlation coefficient ranging from 0.684 to 0.952. These values suggest that these enzymes may be involved in the dissipation of these pesticides. Castillo and Torstensson (2007) reported that the degradation of metamitron, chloridazon, isoproturon, and linuron was correlated with phenoloxidase activity in the biobed system biomixtures. concentrations of pesticides, in planted pots (root compartment (RC+P) and root-free compartment (RFC+P)) and unplanted pots (C+P). In addition, non-contaminated pots (root compartment (RC-P) and root-free compartment (RFC-P)) and unplanted pots (C-P) were used as controls during the incubation time. Each value is the mean of three replicates with error bars showing the standard deviation of the mean. Different letters refer to significant differences in the mean values among different treatments of each pesticide on the same day. Figure 3 . Estimation of the fungal (a) and bacterial (b) population size in the biomixtures contaminated with 5 mg kg -1 concentration of pesticides, in planted pots (root compartment (RC+P) and root-free compartment (RFC+P)) and unplanted pots (C+P). In addition, non-contaminated pots (root compartment (RC-P) and root-free compartment (RFC-P)) and unplanted pots (C-P) were used as controls, during the incubation time. Each value is the mean of three replicates with error bars showing the standard deviation of the mean. Different letters refer to significant differences in mean values among different treatments of each pesticide on the same day.
Real-Time PCR Quantification (Q-PCR) of bacteria and fungi
The fungal and bacterial populations were estimated by real-time PCR (Figure 3a In control treatments without pesticides, higher values were detected in planted treatments in both compartments compared with unplanted pots. The RFC-P compartment displayed a larger biomass (7.34x10 6 copy number ng -1 DNA) on day 30, consistent with the high phenoloxidase activity detected on the same day. These results indicate that fungal biomass and activity were greatly increased in the biobed system biomixtures
Root exudate organic acids
The range of organic acids exuded by roots varies by plants, but oxalic, benzoic, maleic, succinic, lactic, malic and citric acids were frequently observed in most plant species (Strobel, 2001) . Figure 4 shown the oxalic acid, malic acid, citric acid and succinic acid exuded by roots of L. perenne, F. arundinacea and T. repens, which were planted in a proportion of 50, 45 and 5 %, respectively. Overall, the four organic acids were detected in all of the sampling days, and oxalic acid and malic acid concentrations were higher in contaminated pots than in control samples.
Conversely, the citric acid concentration was the lowest (<0.5 mg L -1 ) and succinic acid the highest (5 mg L -1 ); however, their behaviour patterns were similar with higher production in treatments without pesticides than in contaminated pots. Oxalic acid was significantly (p<0.05) higher in contaminated pots at day 30 compared with the control without pesticides, and its production increased during the incubation period in both treatments. Significantly Our results are comparable with those of He et al. (2005) , who reported that in a rhizobox system the planted treatments (root compartment) significantly increased microbial biomass, especially in the nearrhizosphere, which enhanced pentachlorophenol degradation in soil. These differences observed between soil with and without plants as well as among sampling zones in varying proximity to roots were expected on the basis of microbial growth and community structure modified by root exudates. control, and its production was more than double compared with the pots without pesticides.
Organic acid exudations depend on several environmental factors and are involved in many soil and plant processes, such as mobilization and nutrient uptake by plants and microorganisms, detoxification of metals by plants, microbial proliferation in the rhizosphere and dissolution of soil minerals (Ryan et al., 2001) . It is difficult to determine the role of these specific organic acids in ATZ, CHL and ISP dissipation; however, our results demonstrated that oxalic acid and malic acid concentrations were higher in response to pesticide contamination. Root exudates, particularly oxalic and malic acids, are capable of chelation, which is related to phenoloxidase stimulation including MnP because organic chelators, such as oxalate and malate, produced by ligninolytic fungi (e.g., white rot fungi) can stabilize Mn 3+ and thereby stimulate lignin-degrading enzyme activities (Hakala et al., 2005; Marco-Urrea and Reddy, 2012) .
These organic acids could therefore be involved in the enhanced oxidation of the pesticides in planted pots.
The above is related to the increased fungal population that was observed in the rhizosphere of the compartment with the pesticide addition (Figure 3a) . Walton et al. (1994) 
Conclusion
The rhizosphere effect significantly enhanced atrazine, chlorpyrifos and isoproturon dissipation in an organic biomixture. The largest and most rapid loss of pesticides in the planted pots was in the root compartment followed by the root-free compartment due to microorganism and root exudate transfer between compartments. The enhanced pesticide dissipation was accompanied by an increase in oxalic acid and malic acid exudation concentrations, which induced lignin-degrading enzyme activities (phenoloxidase activity). Moreover, a high relative abundance of fungal and bacterial population was detected. Our results demonstrated that the grass layer is a significant positive factor for promoting pesticide removal in the biobed system.
